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Three questions

{How does the direct detection }
Flook like? f

I What kind of models can give }
{ this process? i

IWhat is the bound on this
Iigh1L scalar - quark coupling? |

{ dark mediator Dark Matter §

|David will talk about this|

Thursday, May 15, 2014



Why talking about crazy DM models?

From To Subject
® % From Subject Date Received ¥ Rank

Gmalil o Roni Harnik Re: Dark Mediator Dark Matter December 6, 2013 10:44 PM T
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e Patrick Fox Re: Dark Mediator Dark Matter December 6, 2013 8:44 PM NIHNNTIRELEINEERIIAERIING
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"cra_zy" DM models. You s‘hould definitely come out and talk about yours!A ) ‘j
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PS we are planning on having a workshop here in April on

so, it's not totally our fault...
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so, it's not totally our fault...

also, our model is not crazier than yours!
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Current DM experiments
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Current DM experiments
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Useful inconsistencies

2—2 2—2
O'n On
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The inconsistencies between different experiments
may reflect the detailed structure of the dark sector
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Useful inconsistencies
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i may can different future signals |

It is important to explore a
complete set of DM models that
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Beyond WIMP-like scattering

N N

looking for simple extension of the model
that changes the recoil spectrum




Beyond WIMP-like scattering

Inelastic DM




Beyond WIMP-like scattering

Exothermic DM




Beyond WIMP-like scattering

Isospin violation




Beyond WIMP-like scattering

\X\./X
q/.\ g eg. PGB mediation

different type of couplings & mediators




One missing ingredient

different scattering topology

changes recoil spectrum and mass measurement

Thursday, May 15, 2014



A model building motivation

What if the mediator itself carries a dark charge!?
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A model building motivation

What if the mediator itself carries a dark charge!?

It is a natural way to obtain a 2 to 3 scattering
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It's not easy to write down a viable
model giving 2to3 scattering

X X

q/\q

strong bounds on light
singlet scalars. hard to
avoid the 2 to 2 scattering

X X

q q

the loop suppression
makes it hard to have a
large cross section

X X

q/\q

derivative couplings give
velocity suppressions,
assume DM doesn’t
carry SM charges
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One example : vectorized quarks

» gbiiqu -y X° X ¢i + h.c.
(]

2 to 3 exists as long as my, < 10keV
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Minimal model with a single scalar

X v SU@.  SU@L  UQy  Z
Q 3 2 —-1/6 0
u 3 1 2/3 0
: d 3 1 ~1/3 0
X H 1 2 1/2 0
¢ Y ¥ @) .’ ¢ ¢ 1 1 0 om /3
: I "“' YQ1 2 3 2 1/6 2m /3
Yu, 3 1 2/3 27 /3
7~ Yuy Yuy Y, Yo \ b ; : 18 /s
u Q X 1 1 0 om /3
2@ M2
|¢| q — Q
D FYUXEX @+ he. A=
A YQ Yq YQq Y

® assume Yo = Y, = Ygoq = 1 in the quark mass basis for simplicity

* assume the effective scalar-quark coupling is flavor universal in the mass basis
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Direct detection of dmDM

Search: 23632038




Direct detection in MadGraph

e generate the DM-quark scattering using MadGraph5
* multiply the cross section with the nuclear form factor

* convolute the result with velocity distribution and Helm Form Factor

for 2 to 2 contact operator

dR do dR 10! m Ymaz 1
iE, Nquz_X /dv g ™ IE §MTNTpx—NA2F2(ET)/ do 5T )
r X T T
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For a given DM energy

standard 2 to 2
contact operator

2to 3
contact operator

2to3
light mediator

Recoil Spectrum

107*2 cm?

d Er ( 0.1 keV )

do

10724 cm?

d Er ( 0.1 keV )

do

( 1040 cmz)
dEr 0.1keV

do

my=28 ,my=10 ,Ey=10 keV , 2to2 contact
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05"
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1.0

Er (keV)
my =28 ,my=10 ,Ey=10 keV , light mediator
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o Tpr
2013
N
Eq?jzaa; _ X 1}2
mn
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For a given DM energy

standard 2 to 2
contact operator

2to 3
contact operator

2to3
light mediator

Recoil Spectrum

107*2 cm?

d Er ( 0.1 keV )

do

10724 cm?

dEr( 0.1 keV )

do

( 1040 cmz)
dEr 0.1keV

do

my=28 ,my=10 ,Ey=10 keV , 2to2 contact

3.0 o
25"
20
1.5 ;o.‘o ® 4% S o o0 o° ° : " o oo,
1.0}
0.5
0.0 ;\ I I I | I I I | I I I | I I I ‘Mﬁ;
0 2 4 6 8 10
Er (keV)
my=28 ,my=10 , Ey=10 keV , heavy mediator

1.0

Er (keV)
my =28 ,my=10 ,Ey=10 keV , light mediator

do IM|?
dEr 327Tm§< muy v?
2 2
ma m
‘M|2 X A4 X
oF A2 A2
2013
N
Eq’rn’nax _ X 1}2
my

2to2 after f(v) and F

my = 10GeV
my = 28 GeV (Silicon)

/02 KeV
(
$
4
1

E, [KeV|
10 20 30 40 0

Thursday, May 15, 2014




Recoil Spectrum

my=28 ,my=10 ,Ey=10 keV , heavy mediator

do (10 24 cm )
dEr 0.1keV

do 10740 cm?
0
o
Y
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Recoil Spectrum
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Recoil Spectrum

d oy’ Er\ "
iEn = constant X Y 1—
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Three ingredients give the spectrum R

|. phase space with ¢ carrying away some energy
Il. B relates to the DM-nucleus mass

lll. E;° from the propagator of light mediator
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Mappings between 2to2 & 2to3

dmDM  -----. WIMP

%(cmZ/O.ZkeV) before velocity distribution Green: 50  Blue: 10 Red: 5
& form factor 80— e

CDMS-Si, after velocity distribution
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* hard to distinguish the shape difference

* heavy dmDM looks like a light WIMP DM

* since the My of dmDM only shows up in iy N of the spectrum, the
spectrum is insensitive to the DM mass when it is heavy
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Pseudo-light Dark Matter
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e |00 GeV DM fakes a 10 GeV WIMP

e different masses at different experiments
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Interaction vs. mass
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Loop-induced 2 to 2 process

The simplest model also generates a 2 to 2 scattering

q=+V2mpy ER

1
(10* Tev)?

10 15 20 30 50 70 100
mpm [GeV]

Can be avoided in the 1y = 2 model, otherwise ¥, < 1072
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Possible applications of dmDM




SIDM

E. Carlson, M. Machacek and L. Hall (92) , D. Spergel and P. Steinhardt (99)

The light mediator required for the 2 to 3 scattering
makes the DM mediation to be an SIDM

or /M, =~ N In Ay 07 ~ 0.5 — 30cm?/
g T rmd vt 2y2mg ) 5

S.Tulin, H-B Yu and K. Zurek (13)

10;

v = 300 km /s
v =30km/s

1 2 5 10 20 50
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Decouple the (in-)direct mass

Direct detection underestimates the mass,
but in-direct detection does not

X M1 ml << m2

May explain the larger mass seen at in-direct detections
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Avoid bound from large detectors!?

eg. reconciling signals (small detector) and exclusion bounds (large)

2—2

mpm

® if this is the case, having a larger detector will not help!

* the ¢ F,,F" /A coupling needs to be large, with A < GeV unless the DM
velocity is large (~ 0.01) so my ~ MeV and A can be of 100 GeV scale
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Avoid bound from large detectors!?

eg. reconciling signals (small detector) and exclusion bounds (large)

2—2 X X

accepted

mpm

vetoed

® if this is the case, having a larger detector will not help!

* the ¢ F,,F" /A coupling needs to be large, with A < GeV unless the DM
velocity is large (~ 0.01) so my ~ MeV and A can be of 100 GeV scale
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Conclusion

dmDM is the first DM model featuring 2— 3 direct
detection, and hence adds new kinematics to model
builder’s tool box

Heavy DM candidates fake light WIMPs at direct
detection experiments

Many possible applications: SIDM and different
possibilities of reconciling different DM observations
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